The design of a double layer stacked microstrip loop shaped patch antenna for multiband operation has been proposed. The design has been evolved following the iterations of a rectangular patch and a single layer loop patch structure. The material considered for the substrate of both the layers is 1.6 mm thick FR4 epoxy and the feeding technique used for the bottom patch is coaxial/ probe feed. The radiations from the bottom layer patch have been electromagnetically coupled to the upper layer patch. The main results including the reflection coefficient, bandwidth, radiation pattern, gain, directivity and VSWR for single frequency operation in each case have been discussed separately and finally compared. The comparison shows that the proposed stacked structure is clearly advantageous over the conventional rectangular patch and the single layer designed prototype in terms of the standard parameters that have been obtained. The three stage designs are useful to serve the X-band aviation applications including radio location and fixed mobile radio location.
Introduction
The field of antenna technology has witnessed the proliferation of microstrip patch antennas that are not just being used for a wide variety of applications but have also attracted much of the research interest. Despite the several offered advantages including light weight, low profile, small size, compatibility and conformability, the conventional microstrip patch structures suffer from issues of narrow bandwidth. Studies have suggested that an improved bandwidth performance might result on the use of thick substrates [1] but at a cost of degraded Shaped Patch Structures for X-Band Operation radiation characteristics and poor radiation efficiency. Other techniques to resolve the issue include the use of reactive loading [2] , coupled resonators [3] and resonator apertures [4] . The concept of stacking patches is based on electromagnetic coupling and provides the much required enhancement of bandwidth. A stacked dualpatch electromagnetically coupled microstrip antenna as shown in figure 1 uses a radiating patch at the top and a feeding patch at the bottom. [7] achieved a maximum bandwidth of 12 MHz for satellite applications. The microstrip cat patch antenna designed by T. Shanmuganantham in [8] offers a bandwidth of 370 MHz for radio location purpose. In the clover slot patch antenna proposed by T. Shanmuganantham in [9] for biomedical applications, the bandwidth achieved was 180 MHz.
A double layer stacked microstrip loop shaped patch structure using FR4 epoxy [10] material for the substrates of both the layers and a coaxial feed at the bottom layer patch has been proposed. The radiations fed to the bottom layer patch through the coaxial feed [11] are electromagnetically coupled to the upper layer patch. The comparison of results of different stages show that the stacked loop structure at the third stage achieves a bandwidth improved by a factor of 43.3% over the single layer loop patch structure and that by a factor of 138.8% over the conventional rectangular patch. The stacked loop patch structure may thus be viewed to offer improved performance over the conventional rectangular patch antenna and the single layer microstrip loop patch antenna. The three stage designs may be used to serve the X-band aviation applications including radio location and fixed mobile radio location.
The section I of the paper gives a brief introduction to the microstrip patch structures and the stacked microstrip patch structures. The different existing works available in literature are included. The section II of the paper discusses the stacked loop patch antenna configuration through iterations of a rectangular patch and a single layer loop patch structure. The section III gives the parametric analysis while the section IV includes the discussion of results.
Proposed Antenna Configuation
The work proposes the design of a stacked (double layer) microstrip loop structure through a three stage iteration process. The stage I designs a conventional rectangular microstrip antenna followed by the design of a
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single layer loop patch antenna in stage II. The stage III finally develops a stacked (double layer) loop patch structure. The substrate used for the three design stages is 38 mm x 43.5 mm x 1.6 mm FR4 epoxy. The lower patch has been coaxially fed while the radiations from the lower patch have been electromagnetically coupled to the patch of the top layer.
Iteration 1: Rectangular Patch
The figure 2 shows a 38 mm x 43.5 mm microstrip rectangular patch (red) antenna that was developed using a 38 mm x 43.5 mm x 1.6 mm FR4 epoxy substrate (blue) of relative permittivity 4.4 and dielectric loss tangent 0.02. Coaxial feeding has been employed. The specifications of the designed conventional rectangular patch antenna are tabulated as under. 
Iteration 2: Single Layer Loop Shaped Patch
The second stage develops a loop shaped patch over a 38 mm x 43.5 mm FR4 epoxy substrate. The loop patch has been formed by subtraction of circles of appropriate radii. The dimensions of the developed structure are tabulated under. 
Iteration 3: Double Layered Stacked Loop Structure
A double layer stacked patch antenna is formed with the feed loop patch using a FR4 epoxy substrate and coaxial feeding. The radiating loop patch is a replica of the feed patch and both the patches are separated by FR4 substrate of 1.6 mm thickness. Electromagnetic coupling is used to excite the top element through the lower patch element that is located close to the ground and is fed using coaxial connector. The specifications for each of patch antenna is identical and correspond to that in table 2. 
Study of Parameters
Each of the proposed design stage uses a FR4 epoxy substrate that has a relative permittivity valued at 4.4 and dielectric loss tangent valued at 0.02. Coaxial coupling is used. In the third stage, the radiating patch at the top is electromagnetically fed via the feed patch at the bottom that uses a coaxial feed. Ground plane is used only by the bottom patch. The simulation software used is HFSS v-15 [12] . The three designs have been analyzed for their reflection coefficients, bandwidth, radiation pattern, gain, directivity and VSWR. Finally, the results have been compared.
Results and Discussion
The following section discusses the standard result parameters (reflection coefficient, bandwidth, radiation pattern, gain, directivity and VSWR) of the three design stages. The comparison of the results of the design stages has been done both graphically as well as in a tabulated manner.
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Reflection Coefficient and Bandwidth
The following comparative reflection coefficient [13] plot shows that the initially designed rectangular patch attains a reflection coefficient of -10.15 dB at 9.92 GHz with a bandwidth [14] of 180 MHz, the single layer loop patch achieves reflection coefficient of -21.55 dB and bandwidth of 300 MHz at 10.52 GHz and the double layer stacked loop structure achieves a reflection coefficient of -42.13 dB and a bandwidth of 430 MHz. Thus, a significant improvement of reflection coefficient and bandwidth parameters is observed at each subsequent design stage with the stacked geometry offering significantly enhanced parametric performance. 
Radiation Pattern and Gain
The figure 6 shows the three dimensional radiation pattern [15] plot for the designed RMPA that achieves a maximum gain of 6.6 dBi at 9.92 GHz. 
Shaped Patch Structures for X-Band Operation
The figure 7 shows the radiation pattern plot for the proposed single layer loop patch antenna indicating a gain of 9.67 dBi at 10.52 GHz. The figure 8 indicates a peak gain of 9.9 dBi achieved at 10.47 GHz for the proposed stacked loop structure. Thus, it may be observed that a miniaturized loop patch geometry offers a significant improvement in gain at the resonant frequency when compared to the conventional rectangular patch. Stacking that results in a double layer structure witnesses a still higher resultant gain.
Directivity
The figures 9, 10 and 11 indicate the directivity [16] plots for RPA, single layer loop patch and the double layer stacked loop patch respectively.
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Shaped Patch Structures for X-Band Operation The maximum directivity achieved in case of RPA at 9.92 GHz is 5.79 dB, 4.12 dB at 10.52 GHz in case of single layer loop patch antenna and 6.66 dB at 10.47 GHz for double layer stacked loop patch antenna. Significant improvement in the directivity is recorded at each design stage. The stacked geometry offers a significantly improved directivity that is highest of all the stages.
VSWR
The figure 12 indicates a VSWR [17] 
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Thus, all the design stages of a microstrip stacked loop patch structure satisfy the condition that value of VSWR should lie between 1 and 2. The following table indicates a comparison of results obtained for the three design stages. The results clearly indicate the improved performance characteristics of the stacked loop structure over the rectangular patch structure and the single layer patch structure. All the three designed prototypes may be used for radio location and fixed mobile radio location applications depending on their centre frequencies.
Conclusions
The design of a stacked dual layer loop patch antenna through iterations of a conventional RMPA and a single layer loop patch structure using coaxial feed for the feed patch and electromagnetic coupling for the radiating patch. The substrate used for both the patches is FR4 epoxy substrate that has a relative permittivity valued at 4.4 and dielectric loss tangent valued at 0.02. Significant characteristics including reflection coefficient of -42.13 dB, bandwidth of 430 MHz, gain of 9.9 dBi, directivity of 6.56 dB and a VSWR of 1.02 were obtained for the proposed stacked double layer loop patch structure which are higher than those obtained for the initially designed stages of the rectangular microstrip patch antenna and the single layer loop patch antenna. The stacked patch structure, thus, offers an improved parametric performance in terms of reflection coefficient, bandwidth, gain, directivity and VSWR than the preceding stages of conventional rectangular patch and the single layer loop patch antenna. 
